This study examined patterns of neural activation associated with treatment-induced improvement of complex sentence production (and comprehension) in six individuals with stroke-induced agrammatic aphasia, taking into account possible alterations in blood flow often associated with stroke, including delayed time-to-peak of the hemodynamic response function (HRF) and hypoperfused tissue. Aphasic participants performed an auditory verification fMRI task, processing object cleft, subject cleft, and simple active sentences, prior to and following a course of Treatment of Underlying Forms (TUF; Thompson et al., 2003), a linguistically based approach for treating aphasic sentence deficits, which targeted object relative clause constructions. The patients also were scanned in a long-trials task to examine HRFs, to account for any local deviations resulting from stroke, and perfusion images were obtained to evaluate regions of hypoperfused tissue. Region-of-interest (ROI) analyses were conducted (bilaterally), modeling participant-specific local HRFs in left hemisphere areas activated by 12 healthy age-matched volunteers performing the same task, including the middle and inferior frontal gyri, precentral gyrus, middle and superior temporal gyri, and insula, and additional regions associated with complex syntactic processing, including the posterior perisylvian and superior parietal cortices. Results showed that, despite individual variation in activation differences from pre-to post-treatment scans in the aphasic participants, main-effects analyses revealed a general shift from left superior temporal activation to more posterior temporoparietal areas, bilaterally. Time-to-peak of these responses correlated negatively with blood flow, as measured with perfusion imaging.
Introduction
It is well known that individuals with aphasia resulting from stroke show recovery of language function despite damage to the neural network supporting language and that treatment aimed to improve language impairments boosts this recovery even in the chronic phase of stroke recovery (Holland, Fromm, DeRuyter, & Stein, 1996) . However, the neural mechanisms underlying treatment-induced recovery are little understood and neuroimaging studies examining these effects have resulted in mixed findings (see for review: Crinion & Leff, 2007; Price & Crinion, 2005; Thompson & den Ouden, 2008) . Some studies find recruitment of right hemisphere regions/networks, often involving tissue in areas homologous to left hemisphere language regions, particularly in patients with large lesions (Brier, Maher, Schmadeke, Hasan, & Papanicolaou, 2007; Cherney & Small, 2006; Crosson et al., 2005; Raboyeau et al., 2008; Vitali et al., 2007) . Others report treatment-induced recruitment of left hemisphere perilesional tissue, adjacent to damaged areas in the language network, which might be prone to subserve language due to functional redundancy (Davis, Harrington, & Baynes, 2006; Leger et al., 2002; Meinzer et al., 2008; Vitali et al., 2007) . A third pattern finds activation of areas distal to the lesion, which are not normally engaged during language processing (e.g., Fridriksson, Morrow-Odom, Moser, Fridriksson, & Baylis, 2006) .
In the present study, we examined the neural mechanisms engaged to support recovery of sentence level deficits in patients with agrammatic aphasia. These patients often show deficits in both production and comprehension of complex, noncanonically ordered sentences, such as object relative constructions in English (Grodzinsky, 1990; Schwartz, Linebarger, Saffran, & Pate, 1987) . Notably, few studies have examined how brain activity changes
